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SCIENTIFIC MANAGEMENT IN PRACTICE 

SUMMARY 

I. Introductory.- Scope of the investigation, personnel; statistics, 
262; Personnel, 263. - II. Applications of scientific management, 267; 
Municipal and miscellaneous work, 267. - Railroads and public utili- 

ties, 269. - Industrial plants, 270. - Time study and instruction cards, 
274. - Stores system, 279. - Routing, 280. - Inspection, 283. - Stand- 
ardization of equipment, materials, and plant, 284.- Cost statistics, 
286.- Sales, 287. - Gross results, 288. - III. Effect on workers.- 

Wages, 290; Health, 292; Interest, loyalty, 294.-IV. General economic 

results, 297. - Relations with organized labor, 298. - V. Failures and 
their causes, 303.- VI. General influence of the movement, 306. 

I. INTRODUCTORY 

AT intervals during the past three years I have been 
investigating the actual working of scientific manage- 
ment in practice. The results, incorporated in this 
paper, are derived in the majority of cases from per- 
sonal visits to the plants in twelve states and con- 
ferences with owners, managers and experts employed. 
The information in regard to the others is derived 
mainly from the consulting engineers. 

Information was sought with reference to the num- 
ber, distribution, and types of plants to which scientific 
management has been applied; so much of the histor3 
and personality of the men engaged as is essential to ai 
understanding of the development of their work; anc 
the actual differences in practice between scientifi( 
and other types of management. Attention was als( 
given to the results, both in the administration of planti 
and in the conditions of individual workers. Th, 
possible social consequences and tendencies involve( 
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in the movement offer a tempting field for speculation 
(which will be cultivated in the next paper in this 
series), and a few significant facts bearing on them were 
uncovered. In the feeling that a study of the failures 
might be almost as instructive as that of the successes, 
the facts in regard to them also were gathered and 
analyzed. 

The type of management now known and practised as 
"scientific management" was unquestionably origi- 
nated by Mr. Frederick W. Taylor. The details of the 
course of reasoning and experience through which he 
went may be found in his three books.' After a number 
of years devoted to the application of his principles 
of management in several important plants, Mr. Tay- 
lor retired from active practice about 1901. Since 
then he has been engaged mainly in the propaganda of 
the principles which by that date he had fully elabo- 
rated. 

The disciples and followers of Mr. Taylor constitute 
what is known as the " Taylor group." Among them, 
three: Messrs. Gantt, Barth, and S. E. Thompson,2 
were intimately associated for a number of years with 
Mr. Taylor in the development of his system. All, like 
the leader, are men of technical training as engineers. In 
addition, others in considerable number have taken up 
scientific management as a profession. A few English- 
men, Frenchmen, Germans, Russians and Japanese, sent 
over by enterprises with which they are connected, have 
come to this country to study the methods at first hand. 

A conspicuous off-shoot, standing somewhat apart 
yet sufficiently connected in origin and principle to 
warrant inclusion, is the branch of the movement 

1 F. W. Taylor: Shop Management; Principles of Scientific Management; and the 
Art of Cutting Metals. See also C. B. Thompson, The Literature of Scientific Manage- 
ment, in this Journal, May, 1914. 

2 Reference to the publications of Messrs. Gantt and Barth was made in my article 
just referred to. 
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developed by Mr. Harrington Emerson and his fol- 
lowers. Mr. Emerson, after a varied career in general 
business and in railroad service, turned to "efficiency 
management" in later life, and became conspicuous in 
connection with the application of his system to the 
Santa Fe railroad. He has modified greatly the original 
Taylor system as he found it in operation in Phila- 
delphia plants. 

The total number of applications of scientific man- 
agement definitely known to me is 140. This does not 
exhaust the list, however, as there are some cases in 
which the client is unwilling that his connection with 
this -movement shall be known, and others in which 
consultants are reluctant to give information. There is 
an uncertain number of such instances, probably small, 
in which either the work has been completed or is still 
in process. 

Of these 140 applications, 4 are to municipal work, 
including 3 instances of consultation and one in which a 
scientific management expert is at the head of a Depart- 
ment of Public Works. Five deal with railroad and 
steamship companies (exclusive of repair shops, which 
are classed as industrial) and 131 with industrial plants: 
120 factories (including repair shops of 4 railroads), 4 
public service corporations, 3 building and construction 
companies, one department store, one bank, one pub- 
lisher and one professional society. These 120 factories 
and repair shops constitute practically 1 per cent of the 
12,784 plants which in 1909 employed more than 100 
wage earners. The number of men in these plants, as 
nearly as I can estimate, is about 43,000, constituting a 
trifle over one per cent of the 4,115,843 employed in 
1909 in plants employing over 100 wage earners. 

The 131 industrial plants included in the above 
classification are distributed as follows: 
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New England .......... 41 
Connecticut .. 8 
Maine ....... 3 
Massachusetts 24 
New Hampshire 3 
Rhode Island 3 

Middle Atlantic ........48 
New Jersey .. 2 
New York ... 19 
Pennsylvania 27 

North Central ......... 27 
Illinois ....... 14 
Indiana ...... 2 
Iowa ........ 1 
Michigan .... 4 

North Central (cont.) 
Ohio ........ 4 
Wisconsin ... 2 

Southern ............. 
Delaware .... 1 
Maryland ...5 
Mississippi ... 1 
Tennessee ... 1 
Texas ....... 1 
W. Virginia... 1 

W estern .............. 
California ... 2 
Oregon ...... 1 

Canada .............. 

The extent of application (attempted or completed) 
of the system to this group is as follows: 

Complete .......... 120 
Costs only ......... 4 
Clerical work only .. 3 

Fuel consumption only 1 
Unknown ........... 3 

The most significant classification of manufactories, 
from the point of administration, is with reference to the 
complexity of their routing and order systems. On 
this basis the plants involved may be divided into two 
groups: first, the assembling industries, such as ma- 
chine shops, repair shops, garment factories, of which 
there is a total of 75; and second, the relatively simple 
continuous and intermediate type, such as printing 
plants, foundries, textile plants, of which there is a total 
of forty-five. Both these groups may again be sub- 
divided with reference to whether they manufacture on 
order only, for stock only, or for both. Of the plants of 
the assembling type, 19 manufacture on order, 18 for 
stock, and 35 for both; while for the continuous and 
intermediate types, the figures are 22, 16 and 3 for the 
same sub-divisions, leaving 7 for which information on 

10 

3 

2 
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this point is not available. The list of about 80 indus- 
tries involved, classified according to product, is given in 
the footnote.' These figures, together with those for 
transportation companies, public service corporations, 
municipalities and miscellaneous concerns should dis- 
pose of the question of the breadth of applicability of 
scientific management to various types of work. 

1 The following list will be found to differ slightly from that published in the Report 
of the Sub-committee on Administration of the American Society of Mechanical Engi- 
neers. The latter report included some industries, such as sewing machines, brewing, 
and beet-sugar refining, in which there was merely consultation or a report which did 
not develop later into actual work; and others, such as tanks, tin cans, flour, leather 
goods, soaps and slate products, concerning which I have been unable to get further 
information. 

Agricultural implements. 
Aluminum castings. 
Automobiles. 
Banking (clerical work). 
Blank book making. 
Bleaching. 
Book binding. 
Book cloths. 
Boxes (paper). 
Box machinery. 
Brass castings. 
Brass products. 
Brick laying. 
Building. 
Canning. 
Chains. 
Clothing (men's, 

women's, children's). 
Composing machines. 
Concrete construction. 
Conveyors. 
Cordage. 
Corsets. 
Department stores. 
Desks. 
Dyeing and finishing 

textiles. 
Earthwork. 
Electric apparatus. 
Elevators. 

Engines. 
Envelopes. 
Foundry machines and 

supplies. 
Furniture. 
Gas. 
Glass. 
Gun carriages. 
Handkerchiefs. 
Hardware. 
Hoists. 
Iron castings. 
Iron and steel tools. 
Light, electric 
Lithography. 
Locomotives. 
Lumber. 
Machine tools. 
Motors. 
Municipal engineering. 
Musical instruments. 
Optical goods. 
Ordnance. 
Paper. 
Paper pulp. 
Power plants. 
Printing. 
Printing presses. 
Publishing. 
Pumps. 

Railroad cards. 
Railroad operation 

(steam and electric). 
Railroad repairs. 
Registers. 
Rifles. 
Roller bearings. 
Sashes and doors. 
Saws. 
Scales. 
Scientific and profession- 

al instruments. 
Ship building. 
Ship repairs. 
Shoes. 
Silk goods. 
Stationery. 
Steamship operation. 
Steel castings and forg- 

ings. 
Steel products, heavy. 
Structural iron. 
Textiles. 
Textile machinery. 
Typewriters. 
Valves and steam fittings. 
Watches. 
Wire goods. 
Wire weaving machinery. 
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II. APPLICATIONS OF SCIENTIFIC MANAGEMENT 

Before proceeding to a closer examination of the 
strictly industrial applications of scientific manage- 
ment, which of course constitute the great bulk of those 
that have been made, attention may be called to certain 
other activities in which some degree of success has 
been attained. Noteworthy among these is the work of 
Mr. Cooke, Director of Public Works of Philadelphia, 
a disciple of the Taylor school. This work, made 
possible by the "reform" administration of Mayor 
Blankenburg, has been marked during its three years of 
administration by large savings in the operation of that 
important department of the city's affairs. Owing to 
the peculiarities of the Philadelphia law, and the con- 
stant opposition of Councils and the previous almost 
inconceivably corrupt state of the department, it has 
not been possible to make a thoro application of most of 
the fundamental principles of scientific management. 
The results attained thus far, amounting to a saving of 
over $1,300,000, are due primarily to the injection of 
simple honesty into the department, and secondarily to 
the utilization, so far as conditions would permit, of ex- 
pert knowledge secured wherever it was obtainable. 
Altho necessarily a crude example of scientific manage- 
ment it has accomplished enough to show great possi- 
bilities if a sufficiently long period and free hand were 
given for its completer development.' 

The Bureau of Efficiency and Economy of the city of 
Milwaukee has utilized the knowledge and inspiration 
of Mr. Emerson in the development of its plans; and 
the Emerson Company has also been consulted by the 

1 See the following: Annual Reports of the Director of Public Works, Philadelphia, 
1912 and 1913. Business Methods in Municipal Works, Dept. of Public Works, 
Philadelphia, 1913. 
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city of Seattle and the office of the Commissioner of 
Accounts of the city of New York. 

Tho the administration of department stores in gen- 
eral is so far behind that of modern factories as to con- 
stitute the former a particularly promising field for the 
application of scientific management, very little has 
been done in this branch of business. The actual selling 
of goods presents a problem so complex and with so 
many variables as to raise a question about the practi- 
cability of a complete application of all the present 
methods of scientific management. However this 
question may be answered, the administration of a 
department store includes many factors besides the 
selling of goods, -such as their purchase, receipt, 
storage, handling, packing and delivery, -which are 
essentially the same as the corresponding factory 
problems; and their costs are susceptible to similar 
treatment. In one department store, to the writer's 
knowledge, a beginning has been made on this side 
of the problem. 

The practicability of applying some of the methods of 
scientific management - such particularly as the hand- 
ling of raw materials, administration of tool room, and 
the establishment of standard times for operations - to 
the work of manual training schools has been demon- 
strated in a technical training school in New England, 
and in the department of engineering of the Penn- 
sylvania State College. Suggestions for the wider 
application of these and other principles to the admin- 
istration of colleges have been made by Mr. Cooke 
but so far as I know there has been no opportunity 
provided for a practical test of their usefulness. 

Closely allied to the applications in manufactures and 
forming a convenient transition to them is the work done 

1 Academic and Industrial Efficiency, Carnegie Foundation Bulletin No. 5, 1910. 
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by Mr. Emerson on the operation of railroads, and by 
Mr. Day, one of the "Taylor group," on the oper- 
ation of street railways and light and power plants. 
Owing to the complexity of the subject and the intricacy 
of the statistics available, there is dispute over the 
actual value of the work done on the Santa Fe and other 
railroads. Railroad statistics may apparently be used 
to prove or disprove anything, and there is evidence of 
a bias on the part of railroad men against allowing any 
value to Mr. Emerson's work. In the absence of an 
opportunity to make a personal investigation, I am 
forced to rely on what seems to be the consensus of 
opinion of judges as nearly unprejudiced as one is likely 
to find; and this consensus seems to be that on the 
whole the work was successful in reducing costs and 
improving administration, particularly in the repair 
shops and stores systems, while it was not so successful 
in its application to railroad operation.l On a road 
where special attention was given to increasing freight 
train loads, the statistical report shows a 25 per cent 
increase in the average load in one year after the work 
began. The value of this gain is questioned by railroad 
men on the ground that other factors supervened during 
this same period; but on the whole it seems that in this 
case also the greater share of the credit is due to the 
scientific management work. 

What has been done in connection with the manage- 
ment of public service corporations is as yet not far 
enough advanced to warrant the formation of final 
judgment. So far as the efforts have gone, however, 
they have resulted in a definiteness of control which has 
made possible the stoppage of many leaks of frequent 

I See besides Mr. Emerson's own accounts, those of Mr. Charles B. Going, Methods 
of the Santa Fe; F. H. Colvin, " How Bonus Works on the Santa Fe," American Ma- 
chinist, vol. xxxvi, pp. 7, 165; C. H. Fry, Railway Age Gazette, vol. xli, pp. 476, 504, 
vol. xlv, p. 413. 
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occurrence and have contributed to the determination 
of the costs and thereby of the reasonable rates to be 
charged for various types of service. 

Returning now to the industrial applications with 
which this paper will be mainly concerned, it is advisable 
first to point out the differences in practice between 
scientific management and other current systems. 
These differences are most notable in connection with 
the handling of labor, standardization of materials and 
equipment, the specialization of administration, and the 
application of the functional and "exception" prin- 
ciples to the organization as a whole. The primary 
object of the system is to increase output, reduce the 
cost per unit of product, and raise the wages of opera- 
tors. This is accomplished: first, by determining with 
the aid of experienced investigators the best equipment, 
materials, and methods to use; second, by selecting and 
training the workmen best fitted to accomplish the 
result desired; third, by determining in advance a 
standard of achievement for the workmen, providing 
them with the necessary working conditions, and 
rewarding them with a bonus for attaining this stand- 
ard. This standard is set with reference to standardized 
conditions, by which is meant the determination and 
adoption of the best material and the best equipment 
obtainable, for exclusive use until a better is found and 
adopted. In accordance with the policy of specializa- 
tion, the workman's activity is so far as possible con- 
fined strictly to actual handling of the machine or tool 
and of the material only so far as necessary to apply the 
tool to it. All other work is the function of the man- 
agement. This is what is meant by the separation of 
planning from execution. In order to bring to bear 
most effectively the specialized planning functions, Mr. 
Taylor evolved, from the rate-setting department at 
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Midvale in 1882 to the full complement of foremen at 
the Fitchburg roller bearing plant about 1900, the 
method known as " functional foremanship," by which 
such details of administration as determination of the 
sequence of operations, machines, tools and methods to 
be used, time to be taken, relative importance of orders, 
recording of operations, instruction of workmen, mov- 
ing of materials and maintenance of equipment and 
tools, are the special functions of separate foremen, 
each of whom is responsible for the proper handling of 
his detail with reference to a varying number of men, 
and all of whom bring to bear their specialized knowl- 
edge on each man. This peculiar type of organization 
is in every case supplemented for disciplinary purposes 
by the usual " line " type, in accordance with which 
there is the customary grading of disciplinary authority 
culminating in the superintendent or general manager, 
altho some effort has been made to specialize this 
function in the hands of a " disciplinarian." In accord- 
ance with the theory that the ablest men are or should 
be the highest in the organization, the "exception " 
principle is used (at least in all the Taylor plants) by 
which all matters within the capacity of subordinate 
officials are finally determined by them and only such 
matters as are beyond their scope or authority are 
passed up the line, thus leaving the higher officials free 
to devote their time to the broadest and most important 
problems of administration. 

These methods are characteristic of what may be 
called the original form of scientific management as 
early developed by Mr. Taylor and his immediate 
disciples. Among those in the first Taylor group Mr. 
Gantt has made the most noticeable modifications. 
These consist mainly in simplification of forms and 
in somewhat less refinement of detail. The exist- 
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ing form of organization is left by him as nearly 
intact as the requirements of his central idea permit, 
while a simon-pure Taylorite aims at a complete re- 
organization. In practice also it is to be noted that Mr. 
Gantt sometimes installs a system with the aid of his 
own staff of men, whom he moves from plant to plant, 
while the other members of the Taylor group usually do 
their work personally and alone, getting their subordi- 
nates entirely from within the existing organization. 

Mr. Emerson's theory differs from Mr. Taylor's 
mainly in the separation of what he calls the " staff " 
from the "line." Proceeding on the same principle, 
the necessity of accumulating the science involved in the 
industry, he organizes the experts in a staff of advisers 
whose duty it is to transmit their knowledge to the line 
officers, by whom it is passed to the operators and put 
into effect. In other words, this staff has no executive 
authority, while in the Taylor system the executives are 
themselves the experts. Practically the Emerson 
methods differ much more widely than this from those 
of the Taylor group in that it is Mr. Emerson's policy to 
establish standards of performance and a bonus for their 
attainment as early as possible and by methods which 
are comparatively rough, as will be illustrated in detail 
later in connection with the subject of time study. 
Moreover, Mr. Emerson handles his work almost en- 
tirely through subordinates, among whom are some 
whose inadequate training has led to the majority of 
failures so far scored by scientific management. As 
Mr. Emerson has expressed it, it is his aim to take a 
plant that is 40 per cent efficient and make it 65 per 
cent efficient; and, as he said again, the Taylor system 
begins where the Emerson system ends. 

On account of the emphasis laid by certain members 
of the scientific management group on the technical and 
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scientific aspects of their work, it may be worth while to 
distinguish between the technical and the pecuniary 
results. It would appear that in some cases the interest 
in perfecting a method by mathematical and experi- 
mental means would tend to overshadow the interest in 
reducing expense, increasing output, or improving 
quality. However, a study of the work of the successful 
practitioners shows that their investigations have always 
been guided by financial considerations, and in fact in 
the most conspicuous cases, as in Mr. Taylor's experi- 
ments on metal-cutting, have paid for themselves by 
the savings attained. This coincidence of technological 
and pecuniary advantage was evident in every plant 
investigated. 

A more important distinction, however, is that be- 
tween what I have chosen to call "detailed " and 
" gross " results respectively. While trebling the out- 
put of a machine or a group of machines at a slight 
increase in direct labor cost may be considered a success- 
ful result in detail, it does not follow from such instances 
that the application of scientific management to the 
business as a whole has been successful. In the absence 
of information as to the total (gross) result, there may 
well be a suspicion of the final value of the isolated 
instances of wonderful improvements which have been 
so frequently cited. This total result, however, is 
particularly difficult to ascertain. I have found that 
while the owners of private plants have as a rule no 
hesitancy in pointing to individual savings and even 
net results of sub-systems such as stores, routing, and 
task and bonus, they are quite chary about the details 
of the total cost of the system as a whole and the total 
savings and profits attributable to it. I was able to get 
this information in a meagre way from a few private 
plants, but the best, most complete, and most reliable 
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data on this side of the subject are found in reports of 
General Crozier, Chief of Ordinance, on the application 
of scientific management to the government arsenals. 
These total results will be discussed after the detailed 
accomplishments have been summarized. 

As the central problem out of which Mr. Taylor 
developed his system was the control of the output of 
labor and machinery through the accurate determina- 
tion of what that output should be, from the study of 
which all the other details of the system grew, it seems 
logical to discuss this feature first. 

The determination of what constitutes "a day's 
work," or in other words the amount of output which it 
is possible for a capable workman to produce in a given 
time with given equipment and materials, rests in the 
Taylor system upon elementary time study. This was 
first practised by Mr. Taylor at the Midvale Steel Com- 
pany in 1882 and is still with some refinements and 
improvements the central and most visibly character- 
istic feature of the system. Every plant investigated 
showed some evidence of time study, ranging from new 
rates based on recollections of former standards, as in 
the case of the Bethlehem and Midvale Companies, to 
the most elaborate and complete records and contin- 
uous extension, as found at the Watertown Arsenal and 
in the majority of plants now actively developing the 
system. In some industries these studies of elementary 
motions have been carried to such a degree of comple- 
tion as to warrant the publication of the results.' 

The most striking differences between the original 
Taylor form and the derived Gantt and Emerson forms 

1 Thus the elementary times in concrete construction are set forth in Taylor and 
Thompson's " Concrete Costs," and similar data for the operation of machine tools, 
gathered over a period of thirty years, and for earthwork, are now in process of compila- 
tion for early publication. 
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of scientific management are to be found in the practical 
methods and applications of time study.1 As practised 
by the immediate Taylor group, a time study is made by 
first analyzing the operations of a workman on a given 
piece or on a given machine into their elementary 
motions; second, determining by any one of several 
methods what is known as a reasonable minimum time 
for each of these elements; third, eliminating all ele- 
ments shown to be unnecessary; fourth, summing up 
the remaining elements to get a total minimum time; 
fifth, determining and adding to this a percentage of 
allowance made necessary by such factors as inter- 
ference, fatigue, and inertia, and adopting this final time 
as the standard on the attainment of which the bonus 
is paid. Mr. Gantt follows the same method except 
that, as a rule, his studies are not so minute and the 
allowance is rather more liberal, thus making it easier 
for the workman to earn the bonus earlier and even to go 
under the bonus time. The Emerson method is radi- 
cally different from either of these, in that the analysis 
of the complete operation goes down only to large 
groups of elementary motions, on which an over-all 
time similar to that which has been determined for 
years in all kinds of plants is ascertained. Emerson's 
times are expressed in minutes, where Taylor times are 
in hundredths of a minute. From these over-all times 
deductions are made according to the judgment of the 
time study man, and the result is a standard which the 
workman is not only expected to attain easily but to 
exceed to a very considerable extent. This accounts 
for such expressions as 110 per cent or 140 per cent 

I See the following articles: Taylor, Shop Management, pars. 323-408. H. K. 
Hathaway, Elementary Time Study as a Part of the Taylor System of Scientific Man- 
agement. Industrial Engineering, vol. xi, pp. 85-96. also in C. B. Thompson, Scien- 
tific Management, p. 520: C. E. Knoeppel, "Practical Introduction of Efficiency 
Principles," Engineering Magazine, October, 1914, p. 61. 
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efficiency, which are possible and have a meaning only 
with reference to the Emerson type of time study. 

Obviously the first cost and the difficulty of the 
Taylor method are greatest, those of the Emerson 
method least, and of the Gantt method intermediate. 
In general it may,be said that the value of the results 
stands in the same proportions, tho none of these 
methods is without its peculiar advantages and dis- 
advantages. The less elaborate and expensive methods 
have made it possible, in some plants, to secure the 
advantages of the task and bonus idea early in the 
course of the installation of the system and at an 
expense which is practicable for small concerns to meet; 
while the more elaborate methods are comparatively 
slow and costly. The simpler methods have also been 
applied to some types of work where it is difficult or 
impossible to standardize and routinize elementary 
motions, such as drafting and die cutting. On the other 
hand, the most exhaustive type of time study insures a 
degree of accuracy and finality which practically obvi- 
ates the possibility of dispute, provides a stable basis of 
reward from which deviation is not reasonably to be 
expected so long as working conditions remain the 
same, and makes impossible a kind of fraud on the 
management which is fatal to the success of the system. 

It is noticeable also that the Taylor form of time 
study requires and secures the services of experienced 
and technically trained chronometrists, whereas the 
simpler forms are deceptively easy and may be and have 
been entrusted to inexperienced and incompetent 
hands. This fact more than any other is responsible 
for a large proportion of the failures observed. 

Motion study is an inherent and inseparable feature 
of time study and is constantly practised by every 
expert chronometrist. In some instances it is found 
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that a stop-watch is not used at all until a preliminary 
motion study has been made and the operation simpli- 
fied in accordance with its suggestions. The latest 
development in this field - the use of moving pictures 
with a timing device in the field of the picture - has 
received much publicity but does not appear to have 
been used to any considerable extent, partly on account 
of the expense and partly because it has not demon- 
strated a practical superiority over the methods already 
current. There appears to be a possible field of use- 
fulness for it in psychological and industrial laboratory 
work. 

In practically every plant where the complexity of the 
work warrants, instruction cards of more or less elabo- 
rateness are used. In many machine shops it is the 
practice to issue to the workman an instruction card 
containing not only directions as to feeds, speeds, tools, 
and major times of operations, but also the elementary 
operations listed in their proper sequence and with their 
minimum time given. In other places I found the list 
of elementary operations is not provided for the work- 
man, but he is given the total time and such sub- 
periods as may be useful to assist him in earning his 
bonus. In still other instances, where the work is 
thoroly standardized, as in book binding and box 
making, merely the total operation time is given, tho 
in every case the total times and sub-times are made up 
in the planning department from the elementary data 
on file there. 

So much has been published in regard to the practical 
results of time study and instruction card methods that 
it is unnecessary to go into further detail here. As 
might be expected, the most substantial improvements 
have been made in machine shop work, where the highly 
technical nature of the factors involved has given special 
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warrant for the assistance of expert investigators. 
Nothing is more common than instances of two-fold and 
three-fold increases in output from the same machine 
and the same workman. Increases from 7 to 10 times 
are not rare. On the other hand, a type of industry 
which would not appear to call for any considerable 
degree of technical knowledge, namely brick laying, has 
shown equally astonishing results, an increase of from 
200 per cent to 300 per cent in the number of bricks 
laid per day having been demonstrated. With ma- 
chines other than machine tools, however, it has not 
appeared practicable to secure such large increases in 
efficiency except in the direction of reducing the number 
of men tending one machine or of increasing the number 
of automatic machines tended by one man. It is not 
uncommon to find one man who formerly tended two 
gear-cutting or screw machines now taking care of five; 
while on the other hand I have seen machines requiring 
formerly the attention of three men now taken care of 
by two. With the ordinary run of industrial machines, 
semi-automatic and each tended by one operator, 
increases of output appear to range from 30 per cent to 
100 per cent, - the majority, so far as I have been able 
to find, nearer the lower limit. The application of these 
methods to hand operations has shown very variable 
results. The extraordinary differences in efficiency 
between different workers on the same operation are 
already well known to managers. It is nothing unusual 
for even so-called skilled workers to do not more than 
one-third or one-half what others on the same work are 
able to accomplish, as for example in cigar making. 
The time study and instruction methods of scientific 
management have increased the output of hand opera- 
tors from 10 per cent to about 300 per cent, the majority 
of the cases lying between 60 per cent and 100 per cent. 
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Instances have been found, as in the case of gold laying 
in a book bindery, where economy in the use of material 
and quality of work were more important than increase 
in output. These factors have been taken into con- 
sideration, the bonus arranged accordingly, and the 
desired improvement in economy and quality attained. 

It must be understood, of course, that the results 
described do not flow alone from time study and instruc- 
tion. I found that, in accordance with one of the funda- 
mental tenets of scientific management, the task set for 
the operator was accomplished only with the utmost 
assistance of the management as represented in the 
stores and routing systems governing the standardiza- 
tion, availability and moving of materials, and the 
inspection system controlling the handling of defective 
work. 

Where scientific management is fully developed the 
function of the purchasing department is essentially 
different from the current practice. Ordinarily the 
purchasing agent has the widest discretion as to what he 
shall order, when he shall order it, and in what quanti- 
ties, subject in general of course to the requirements of 
the business, of which he is one of the chief judges. In 
the Taylor plants the requirements as to quality, 
quantity, and time of delivery for all materials are 
determined by production and technical experts in the 
plant, and the purchasing agent buys on orders and 
specifications from the factory, exercising his judgment 
and discretion exclusively on the matter of price. The 
governing considerations are the provision of materials 
for immediate issue when required for orders and the 
tying up of only such capital and space as are absolutely 
necessary to meet this requirement. In all instances of 
successful application, delay due to the absence of 
necessary materials has been practically eliminated. 
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In many cases the variety of materials carried has been 
reduced even to one-tenth of what was customary 
before. In almost all cases the quantities of certain 
materials have been reduced and of others increased, 
to meet the demands as shown by the record of issues. 
Occasionally, as in the case of several large machine 
shops, this has made on the whole a substantial reduc- 
tion in the quantities and value of materials and of the 
space occupied by them. One manager said that he 
now carried one-third as much material while doing 50 
per cent more business. In some plants, however, 
investigation has shown that storage facilities and the 
quantities of materials carried were utterly inadequate, 
and this has led in such cases to a considerable increase 
in the storage space including even the addition of new 
buildings and an increase in capital invested. This 
increase of capital was not proportional, however, to the 
increase of space, as the change meant in such cases 
greater concentration in store-rooms of materials hereto- 
fore scattered over the operating area of the plant, and 
was accompanied by a standardization of material and 
reduction of the variety carried, which resulted in an 
increase in the quantity of the standard but a decrease 
in the total of all materials on hand. 

Next to having on hand materials to work with, the 
most important factor in efficiency is the getting of these 
materials to the workman, together with the necessary 
tools and instructions, in the quantity and of the quality 
necessary, at or before the time he is ready to work on 
them. This is the function of what is known to scien- 
tific management as the " routing system " or (in the 
Emerson form) as the " scheduling " and "despatch- 
ing " system. Obviously the complexity of this system 
will vary with the type of industry. At the one extreme 
of simplicity is the continuous, non-assembling industry, 
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such as a sugar refinery; intermediate is such an in- 

dustry as printing; at the other extreme of complexity 
are the non-continuous, assembling industries such as 
the manufacture of machine tools and automobiles. In 

general it may be said that the need of effective and 

complete control increases with the complexity of the 
business. Scientific management has thus far been 

applied in the main to the more complex and the inter- 
mediate type, as will be seen by reference to the list on 

page 266. 
As might be expected, routing systems of varying 

degrees of elaborateness are found in practice. Many 
plants, such as certain typewriter factories, manufacture 

parts for stock, doing only their assembling on order. 
In such cases the routing of parts is easily standardized 
and administered; and the routing of the assembling is 
almost equally simple. On the other hand, several 

plants were found which manufacture from beginning to 
end almost exclusively on order, with specifications 
varying for each job. Repair shops are extreme illus- 
trations of this. In such cases the routing system is 

necessarily elaborate and complex, and yet even in these 
is valuable, in the opinion of the managers, for the very 
reason that the variety and complexity of orders makes 
all the greater the danger of error, waste of materials, 
unnecessary motion, and delay at the machine. As the 

routing system usually involves the preparation of 

separate job tickets, inspection orders, and move orders 
for each operation, its complexity is again influenced by 
the relative length of the separate operations. In one 

plant or part of a plant the piece or the lot may be at a 

given machine from four hours to ten days, as at the 
Watertown Arsenal. If this condition predominates, 
the number of orders to be written and handled is 

relatively small. Such is usually the case in machine 
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shops. On the other hand, operations on individual 
orders and at each machine may be very short, ranging 
down from twenty minutes to two or three minutes, as 
in a stationery concern or a plant manufacturing small 
electric apparatus on orders. Where these predominate, 
the amount of clerical work and handling of orders is 
necessarily relatively great. This has in fact presented 
one of the most serious problems that scientific manage- 
ment has had to solve. There is usually a choice 
between an expensive completeness of control and a 
relatively inexpensive but risky incompleteness; and I 
do not believe it can be said that this problem has as 
yet had a thoroly satisfactory solution. Where these 
conditions exist, the routing system of the original type 
is sometimes used in spite of its complexity, in the belief 
that it is indispensable to the successful administration 
of the task and bonus. 

The intended result of the routing system is the com- 
plete control of the sequence and time of all operations, 
including moving from one operation to another. This 
result has been attained with varying degrees of success. 
In many plants the work in the factory is unquestion- 
ably controlled from the planning department, with only 
such assistance from shop foremen as is necessary to 
keep things moving and to carry out the orders of that 
department. In many cases, however, numerous excep- 
tions to this control were evident, ranging all the way 
from leaving in the hands of the foremen control of the 
moving of materials or the assignment of work to specific 
operators, as at the Link Belt Company, to the entire 
administration of whole groups of work according to the 
old methods, as in the tool department of an automobile 
factory. In almost every case these conditions were 
said to be temporary, awaiting only the opportunity to 
extend the routing system to cover every detail of opera- 
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tion. In a few cases, however, it was stated to be a 
policy definitely pursued and to be continued, because 
either of the rapidity or the variety of operations or 
their infrequent recurrence. 

Evidence of the effectiveness of the routing system is 
to be found everywhere where it has been fully de- 
veloped. Work goes through with a speed and cer- 
tainty unknown to former types of administration. In 
printing plants where practically every order is marked 
" rush " careful planning and coordination of work have 
practically eliminated the hurry and confusion which 
usually accompanies a preponderance of " emergency " 
work. The manager of one large plant reports that 
this result alone has justified the installation of his 
routing system. Waiting for work by the operator has 
been practically eliminated and prompt delivery has 
become a rule in plants which practically never before 
were able to meet a promise date. One automobile 
manufacturer who has developed the stores and routing 
systems, but not the task and bonus, says that the 
routing system alone, a most elaborate one, has unques- 
tionably saved him $750 per car. In other plants testi- 
mony varies (according to the type of industry) as to 
whether the routing system alone has been an economi- 
cal institution; but where these plants have gone on to 
the development of task and bonus, they are unanimous 
in their assertion of its value as an indispensable acces- 
sory to that feature of management. 

With reference to the inspection of materials, scien- 
tific management differs from other current types 
mainly in its insistence on what it calls " first inspec- 
tion," by which is meant the inspection of the first piece 
in a lot rather than waiting for the entire lot to be 
finished before it is inspected, the object being to detect 
misunderstandings and inaccuracies at the beginning of 
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the operation and before more than one piece has been 
spoiled. With this has gone in most cases an increase 
in strictness of the final inspection also, considered 
necessary in order to counteract the possible tendency 
to neglect quality in favor of speed. In all cases the 
accomplishment of the task and earning of the bonus is 
contingent upon the satisfactory quality of the work. 

An obvious result of the " first inspection " has been 
the reduction of waste; but more far-reaching and 
rather unexpected results have followed from the entire 
inspection system. The first of these has been the 
general improvement of operating methods which a 
rigid inspection has suggested and finally brought about, 
as in a box factory, where the close inspection of lined 
board led to an entire overhauling and revision of the 
methods of board lining; and the second has been the 
substantial improvement of the product which seems 
always to have marked the development of scientific 
management methods. Thus in one instance an 
American plant manufacturing roller bearings which 
heretofore had been unable to compete with European 
makers has so improved its quality as to secure a foot- 
hold for it in spite of foreign competition. 

One of the first results of the application of the 
methods of elementary time study was to make evident 
the importance and necessity of standardized conditions. 
Time study itself suggested means by which the working 
conditions of the operator could be made as perfect as 
practicable. A task set for one operator under these 
conditions and offered for acceptance to all workers 
logically required the establishment of similar conditions 
for the entire group. Out of this very quickly grew the 
policy of standardization of materials, equipment and 
plant - a policy which has been systematically pursued 
with rather spectacular results throughout the history 
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of scientific management. First among these results 
must be mentioned the discovery of high speed steel by 
Mr. Taylor and Mr. Maunsel White. This discovery 
was a by-product of the effort to standardize' the tools 
with which the task was to be performed. Many 
illustrations of the same type of thing on a smaller 
scale might easily be given. Suffice it to say that almost 
every plant now using scientific management in its 
original form has reduced its main material require- 
ments to specifications, and that in many cases these 
specifications are for materials standardized and im- 
proved to meet particular requirements. 

Concurrently with the standardization of materials 
has gone that of equipment. Mr. Taylor's work in the 
standardization of cutting tools and of belting is char- 
acteristic and famous, with that of Mr. Barth on 
machine design and also on belting running a close 
second. This work is of course still going on; and each 
new industry and even new plant is presenting oppor- 
tunities brought out by time study for the continuous 
modification and improvement of equipment, the aim 
being always to increase the capacity and endurance of 
the machine and the ease with which it is handled by the 
operator. This extends also to small equipment such as 
trucks and hand tools. Usually, however, these efforts 
have been directed almost exclusively toward the imme- 
diately productive side of the plant, while the equipment 
for clerical work has been comparatively neglected- 
so much so that one is rather struck with the clumsy and 
inconvenient mechanisms often found in planning 
departments. 

Because of the policy of scientific management to 
utilize existing plants to the utmost extent and postpone 
construction of new plant as long as possible, there has 
not been the opportunity for the application of scientific 

285 



QUARTERLY JOURNAL OF ECONOMICS 

principles to design, construction, and layout which one 
would like to see. Nevertheless, one engineering com- 
pany has made a specialty of designing plants in which 
scientific management is to be applied, and has pro- 
duced a number of strikingly successful buildings 
from the point of view of convenient arrangement 
of departments and machines within departments, and 
the utilization of the best means for securing light, 
heat, ventilation and sanitation. In the older plants, 
however, one is at times surprised to find how little 
attention has been paid to these details, with the 
exception of the arrangement of machinery, which is 
usually adequately taken care of. Lighting has had 
special attention in a few cases where the demand was 
imperative, and heating and ventilation in even fewer 
still, and on the whole it cannot be said that these 
important matters have had the attention they deserve. 
An investigator cannot but be unfavorably impressed 
by the dinginess and stuffiness of some of the plants 
which in other respects are such good examples of 
modern management. This condition is the natural 
result of the policy of owners who insist on all attention 
being given to those conditions which most directly and 
visibly affect the output. 

At the same time that scientific management was 
developing into its present form, the subject of cost 
statistics was engaging the attention of managers and 
experts. This detail of management in fact spread its 
influence far more rapidly than the more fundamental 
movement, partly on account of the fallacious feeling of 
useful knowledge that statistics are apt to give and the 
comparative ease with which they may be secured. To 
Mr. Taylor and his associates costs, tho of course im- 
portant, are secondary to productive efficiency. Mr. 
Taylor was one of the earliest of the professional cost 
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experts, and the cost system that he evolved and that is 
now in use in a few plants is as simple as is consistent 
with effective ascertainment, recording, and distribu- 
tion of expenditures. Without going into technical 
details, one of the distinctive features of the Taylor cost 

system is the use of the forms for the issue and move- 
ment of materials and for the control of operations as 
the original data for cost keeping. It is not the practice 
of scientific management experts, however, to insist on 
the use of this system, provided clients already have a 

sufficiently accurate system in operation. In a few 

instances, however (including a department store), I 
found that the cost system alone had been put in with 
results apparently satisfactory. 

It has been pointed out many times that the princi- 
ples characteristic of scientific management which have 

proved themselves capable of such successful application 
to production might and should be extended to cover the 
domains of selling and financing, with of course such 
modifications of method as the different problems pre- 
sented by these subjects suggest. Thus far, however, 
the merest beginning has been made in this direction. 
One plant, a machine shop, has applied to its sales 

organization the principles of analysis of product, train- 

ing and routing of men, and co6peration between the 

management and the salesmen, which it had long used 
in its production department. This is a small concern, 
however, and the methods thus far developed and the 
results attained, tho satisfactory, cannot be said really 
to show the possibilities of a thoro application on a 

large scale. 
The real test of the success of a system of manage- 

ment is not to be found in such isolated examples as 
have been cited but rather in its net effect on the busi- 
ness as a whole. For obvious reasons it is difficult to 
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get accurate information in regard to this from private 
plants. The most detailed exhibit of total costs and 
total results is to be found in the reports of the Chief of 
Ordnance on the application of the system to arsenals, 
particularly those at Watertown and Springfield, Massa- 
chusetts, and Frankford, Pennsylvania. These results 
show in one year:- 

Savings from improved shop management, and 
premium system. .......................... $240,461.93 

Savings resulting from the use of surplus stock .. 122,789.61 

Total .................................. $323,251.541 

One private concern, manufacturing molding ma- 
chines, reports that its product is now three times what 
it was before it adopted scientific management, while its 
total force has remained the same. Another is pro- 
ducing slightly more than it did six years ago with a 
little over two-thirds the force it then had. Another 
plant manufacturing automobiles (already referred to) 
reports that it is saving $750 per car; while still 
another, in which the application of the system has 
extended only over one year, reports already a saving of 
$100 per car. Another plant which had passed its 
dividends for several years found itself in a position, 
partly as the result of the development of the system, to 
declare a dividend of 18 per cent. A structural iron 
concern reported that the total cost of installing the 
system, $18,000, was recovered by it in savings effected 
within three years. The results of the application of 
scientific management to the Santa Fe Railroad are 
hotly disputed; but on the whole it seems clear that 
considerable economies were accomplished. 

The gross results, however, are not always so favor- 
able. There have been partial successes and unques- 

1 See Gen. Crozier's Report, for 1912, 1913, and 1914. 
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tioned failures, to say nothing of one curious example, a 
textile machine shop, which at the end of three years 
apparently showed a failure but in which a sudden 
access of energy brought about a complete and striking 
success. Failures, as will be shown in detail later, have 
been in some cases due to the financial inability of the 
concern to stand the cost of introduction over a suffi- 
ciently long period. In a few instances this condition 
was accentuated by panic conditions as in 1907; in a 
few others the cost was excessive by reason of incom- 
petent " experts " and the setting of tasks so crudely as 
to make possible excessively high bonuses. In general 
it may be said that wherever the development of the 
system has been allowed to be carried through to a con- 
clusion, the outcome has been satisfactory; but that in 
some cases the cost of development and the slowness of 
returns has resulted in stopping the work long before it 
was completed. 

III. EFFECTS ON EMPLOYEES 

Thus far we have been discussing the results of scien- 
tific management from the point of view of the em- 
ployer. A movement, however, which has already 
affected over 63,000 employees (including about 20,000 
in transportation in addition to the 43,000 in industrial 
plants), and which bids fair to extend to a much greater 
number, must be considered with equal care from the 
point of view of its influence and effect on the workman. 
Owing to the great number of units involved, an exhaus- 
tive survey of these effects will be out of the question for 
other than government agency. Miss Edith Wyatt 
investigated personally and rather fully the effect of 
scientific management on the woman employees in 
three plants.' The House Committee on Labor of the 

1 See Clark and Wyatt, Making Both Ends Meet, Chapter 7. 
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62d Congress made an investigation as the result of a 
brief strike at the Watertown Arsenal, and its findings 
are published in connection with their report.' General 
Crozier has gone fully into the question in his annual 
reports on the application of scientific management in 
the arsenals.2 My information is derived chiefly from 
these sources, supplemented to some extent by such 
personal investigation as I have been able to make. 

First as to wages. In no case that I could find were 
the basic rates lower than those customary in the indus- 
try and locality involved. In every case where the 
development of the system had progressed to anything 
like completion, the bonus principle was being effec- 
tively applied. Bonuses are figured in a variety of 
ways, which it is unnecessary to go into here. By the 
Taylor and Gantt methods a considerable degree of 
efficiency has to be attained before any bonus at all is 
paid, but when the bonus point is reached the amount of 
premium is comparatively large, ranging from 25 per 
cent to 100 per cent. By the Emerson method a bonus 
is paid for any increase above 67 per cent of the stand- 
ard efficiency on a given job. This bonus reaches 20 
per cent when the standard efficiency is attained and 
one per cent is added for each one per cent increase in 
efficiency. The Taylor method of time study and task 
setting makes it exceedingly difficult for workmen to 
exceed the task to any considerable extent; while by 
the Emerson method an exceptionally good workman 
is expected to go far beyond 100 per cent, and in prac- 
tice has often done so. For this reason the range of 
bonus earned in the Emerson plants is from zero to 300 

1 The Taylor and Other Systems of Shop Management. Special Committee to 
investigate the Taylor and other systems of shop management, Government Printing 
Office, Washington, 1912. 

2 Annual Reports of the Chief of Ordnance, 1911, 1912, 1913, 1914, Government 
Printing Office, Washington. 
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per cent or 400 per cent; while in the Taylor and Gantt 
plants it has ranged from 20 per cent to about 100 per 
cent. 

The proportions of bonus earners to non-bonus 
earners also vary widely, depending partly on the degree 
of completion of the development of the system and 
partly on the policy of the management. It is the 
general expectation of the consulting engineers that the 
bonus will be applied sooner or later to about 90 per 
cent of the employees, the other 10 per cent being en- 
gaged in types of work which for one reason or another 
are not susceptible to the task and bonus method. 
This was found, with one exception, to be the aim of the 
management. That exception was a foundry in which 
the manager explained that it was necessary to apply 
the bonus only to one out of three employees, as the 
increased efficiency which this incentive produced in 
him would compel the others to keep up with him. It 
must be said, however, that this is utterly contrary to 
the policy and method of the experts themselves and 
that, in general, no such method can be expected to 
succeed. In practice it was found that where the 
system had been in operation three years or more, there 
were from 50 per cent to 85 per cent of the employees 
earning bonuses ranging from 10 per cent to 60 per cent 
or 70 per cent. In addition to this there was at least 
one plant using the Taylor differential piece rate in 
which the low rate is 10 per cent above that prevailing 
in the community, while the high rate is 43 per cent 
higher.' 

One case was found in Chicago in which the bonus 
system was being abandoned because in the opinion of 
the management the men had not sufficient ambition to 

1 See Appendix I, Report of the Chief of Ordnance, United States Army, 1913, for 
tables giving experience at Watertown Arsenal. 
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stir them to take advantage of it. An investigation 
showed, however, not only that the men were on the 
whole rather shiftless but that the form of bonus offered 
by the management was not calculated to act as a 
powerful incentive. It can be said in general that the 
bonus method, when employed in the form recom- 
mended by the experts, has acted uniformly as a 
stimulus to increase efficiency, and that the claim that 
scientific management has invariably raised wages is 
easily substantiated by the facts. 

It is pertinent to inquire, however, whether the in- 
creased wages due to increased output are obtained at 
the cost of the health of the employees. This question 
also was fully investigated by Miss Wyatt, with the 
conclusion that not only was their health unimpaired 
but that, on the contrary, the conditions under which 
the maximum efficiency is secured have led to improve- 
ment in health. The investigation at Watertown 
Arsenal was unable to find any case of injuries to 
health traceable to the system. Since that investiga- 
tion it has been alleged that there has been an increase 
of accidents at the Watertown Arsenal. The analysis 
by General Crozier shows, however, that the increase 
of accidents has been among those who are not yet 
working on task and bonus; while for those who are 
operating under the Taylor system there has been, on 
the contrary, a decrease of accidents.' 

1 This point is so important that it is worth while to give General Crozier's state- 
ment regarding it. " Careful record of all accidents is kept at the arsenal. Most of 
the accidents occur in the machine shop. During the fiscal year ended June 30, 1913, 
the total number injured in this shop was 34, of which 5, or 14.7 per cent, were working 
on premium at the time. During the fiscal year ended June 30, 1913, 57 persons were 
injured in the machine shop, of which 13, or 22.8 per cent, were premium workers. 
During these two years the number of workmen employed in the machine shop remained 
about the same, but the amount of premium work increased nearly fourfold. That is, 
while the amount of premium work increased about 300 per cent, the percentage of 
accidents to premium workers increased only 8.1. During the nine months from 
October to June, 1913, 33 machinists were injured, 10 of whom, or approximately 30 
per cent, were premium workers. During this same period 44.8 per cent of the work 
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The attention given to the reduction of fatigue 
early in the development of scientific management is 
familiar to all who have read the accounts of the work 
of " Schmidt," the pig-iron handler at Bethlehem, and 
of the inspector girls at the roller bearing factory in 
Fitchburg. The necessity of making an allowance for 
fatigue in establishing a task is too obvious to call for 
comment; and it is now as always an essential part of 
the work of an experienced chronometrist to take this 
factor into account, not merely with reference to the 
motions of the operator but with reference to the 
redesign of machines and equipment to the end of re- 
ducing the necessary motions to a minimum. The 
result of this process is well illustrated in the case of a 
machinist I saw in Philadelphia. This man is now 
operating five automatic gear cutters instead of the two 
which used to be considered his limit. In the handling 
of the gear blanks the worker showed a precision and 
ease of movement resulting in the maximum of accom- 
plishment with the minimum of effort, which is in the 
strongest contrast to the nervous haste which in most 
plants is accounted speed. Incidentally it may be 
noted that this man is now earning $11 a day. 

One difficulty has been found in a few instances of 
over-eagerness of employees to undertake larger tasks 
than those proposed, with the idea of earning larger 
bonuses. In two plants, employing girls mainly, inwhich 
this condition arose, operators were allowed to try the 
larger tasks under the supervision of the factory nurses. 
In one instance the new task was obviously too great for 
the operator; in the other, altho the operator seemed to 
be able to accomplish it, it was felt that the arrange- 
in the machine shop was premium work. It thus appears that the percentage of 
accidents among the premium workers was less than the percentage of premium work; 
that is, that the greater proportion of accidents during these nine months occurred 
among the day workers." Report Chief of Ordnance, 1913, Appendix I, p. 68. 
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ment might not be permanently satisfactory; so in 
both cases they were put back on the tasks as originally 
set. 

The extent to which the interest, loyalty, sobriety, 
thrift, and ambition of employees are increased, as is 
claimed by the advocates of scientific management to 
be the natural and usual result of their work, is difficult 
to determine in detail. If one may judge from rapid 
personal inspection of employees at work under the 

system, there can be no question of their closer applica- 
tion and deeper interest in the work they are doing. 
This interest extends beyond their own work to that of 
the management. Inasmuch as the success of the 
worker in earning the bonus depends partly on the 
smoothness with which the administrative department 
is conducted, the foremen and other executives receive 
numerous and forceful suggestions on this score if any- 
thing goes wrong. I have often seen workmen remind- 
ing their "bosses," in no uncertain terms, of their 
failure to live up to their managerial responsibilities. 
In fact, the authority of the operators within their own 

sphere is one of the outstanding peculiarities of a scien- 
tific management plant. 

Perhaps the most striking evidence of loyalty of 

employees under scientific management is the length of 
time they remain with their plants and the relatively 
infrequent changes in the payroll. This has further 
been illustrated in the demonstrated difficulty or im- 

possibility of inducing even union employees in these 

plants to walk out or stay out in sympathetic strikes, as 
was the case in Philadelphia in 1910. With reference to 

sobriety, experience has shown that immoderate 
drinkers are incapable of standing up to the work, with 
the result that they have gradually eliminated them- 
selves from these plants. Thrift and ambition are 
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qualities which cannot be created by scientific manage- 
ment, but the opportunity for their exercise may be 
provided by a favorable environment, this environ- 
ment including high wages and the recognition of su- 
perior ability. Such an environment is provided by the 
system, and my observations confirm those of Miss 
Wyatt to the effect that the favorable conditions are 
being taken advantage of. On the other hand, there 
have been a few instances where a tendency to extrav- 
agance and dissipation has also been increased by the 
bonus. 

An investigator is forcibly struck by the notable 
increase in the personal efficiency of operatives who have 
worked for any length of time on task and bonus. This 
is the logical result of the intensified personal instruction 
given them by the management. Another consequence 
of this instruction has been the development of em- 
ployees to the promotion point faster than it was 
possible to find openings for them. This condition has 
occasionally been met by finding them better paid and 
higher positions in other plants. Another character- 
istic result has been the broadening of the technical 
proficiency of the employee which follows from the 
method sometimes pursued of training them in several 
varieties of work, in order to interchange them from one 
department of a factory to another to meet seasonal 
fluctuations of the demands in various departments. 
The possibilities of this policy have not, however, by any 
means been exhausted. 

While the results just described apply to the great 
majority of workers affected by this system, there is no 
doubt that there have been instances of less satisfactory 
consequences. It seems generally true that in the first 
application of time study methods, the operators 
studied are made considerably discontented and " ner- 
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vous " by the process. While as a rule this nervousness 
and discontent soon disappear, there appear to be some 
men who never get used to time study. A competent 
practitioner recognizing this fact transfers his time 
study to some other operator, in which case the indi- 
vidual too nervous to be made the subject of a time 
study usually has no objection later to accomplishing the 
resulting task. There has also been at the beginning 
of development in various plants considerable dissatis- 
faction with the share of the increased profit paid to the 
workman as a bonus. They have not been able at first 
to see why, if production is increased 100 per cent their 
wages should be increased but 30 per cent. A brief 
explanation, however, of the part taken by the manage- 
ment and the expense undergone by it in providing the 
conditions under which the increased production is 
alone possible, has in the great majority of cases been 
satisfactory to the employee. 

While the task is set for the average good worker, it 
has purposely been made sufficiently difficult to act 
selectively, and there have been employees unable to 
accomplish it at first who in their discouragement have 
left their jobs before they had reached the bonus-earn- 
ing point. In addition to these there are undoubtedly 
some who were incapable ever of attaining the standards 
set. Bonus records as kept in various plants, however, 
show that the proportion of these employees is very 
small. On the other hand, I have been unable to find 

any evidence of overstrain in the effort to earn the 
bonus. 

The question has been raised whether the rigid 
standardization of processes and the precise instructions 
to workmen have not tended to suppress initiative, 
judgment, and progress. Strange to say, the only 
evidence I have found of this has been on the part of the 
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consulting engineers themselves, with some of whom 
the comparative perfection of methods developed ten 
years ago has tended to preclude the admission of 
the possibility of advance through any apparently 
radical or substantial change. With the workmen, 
however, it is generally true that the greater skill 
resulting from standardization and instruction has led 
to a correspondingly greater confidence and freedom of 
initiative and suggestion, and many of the detailed 
improvements worked out in practice are credited by 
the experts to the workmen themselves.' 

IV. RELATIONS WITH THE PUBLIC AND WITH 

ORGANIZED LABOR 

When we turn from the employer and the employee to 
the third party in interest - the public - we find the 
available data to be quite limited, due mainly of course 
to the comparatively short time that scientific manage- 
ment has been a real factor in industry and the rela- 
tively small proportion of plants using it. There is 
sufficient information available, however, to point to 
far-reaching ultimate social effects and consequences. 
In this paper such facts as we have will be briefly stated 
and the discussion of economic tendencies with probable 
results continued in a later issue. That scientific man- 
agement has had the effect of raising losing concerns into 
the profit-making class and thereby retaining a certain 
degree of competition which might otherwise have been 
reduced has been evident in several cases, some of 
which have already been pointed out in our discussion 
of gross results. 

There is no strong evidence at the present time to 
show that the increased efficiency of scientific manage- 

1 See C. B. Thompson, " The Case for Scientific Management," Sociological Review, 
vol. vii, p. 315. 
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ment has resulted in lower prices to the public, for the 
reason that most of those now using it stand in a quasi- 
monopoly position in which there is no necessity for 
them to reduce their prices substantially below those of 
their competitors, notwithstanding their larger profits. 
An interesting question is being raised by the fact that 
public service corporations operated under scientific 
management are in a fair way to show unusually large 
profits based on rates which would be considered normal 
for concerns operating by the usual methods. Will 
public service commissions apply to these more modern 
concerns the 8 per cent rule, thus depriving them of the 
benefits of their superior management ? The one 
instance in which the public has benefited conspicu- 
ously by the reduction of price is in a very highly com- 
petitive industry-the automobile industry--in which 
the reduction in the selling price of the carwas apparently 
the essential condition on which the concern could live. 
In this instance a car selling with small profit at $2,950 
has been reduced in price to $2,150 with a considerable 
increase in profit. This result is said by the company 
without qualification to be due to the application of 
scientific management. 

The one phase of the relations of scientific manage- 
ment to the public on which considerable information is 
available is that of its relations with the labor problem 
and more particularly with organized labor. The social 
import of the general increase of wages through the 
bonus for the individual employee varies of course with 
the number of employees involved. Thus far it is safe 
to say that it has affected about 40,000. These are 
widely scattered, however, and no notable social ad- 
vantage has accrued. The selective methods of scien- 
tific management would appear to have some bearing 
on the problem of unemployment. Thus far it has been 
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the consistent policy of consulting experts never to dis- 
charge an employee on account of changes in the system 
of administration. It is also their policy to spur the 
management to such an increase in its selling activity as 
to take up the expected increase in production as rapidly 
as the latter is attained, hoping thereby to retain or even 
add to the number of persons employed. In many 
cases the management has succeeded in increasing its 
sales in the manner and with the result suggested. In 
other instances, however, the result has been ultimately 
a decrease in the number employed, brought about not 
by the discharge of employees but by refraining from 
filling the places of those who in the natural course of 
things drop out. The dropping out process has also 
been facilitated somewhat by the application of the task 
and bonus, as a result of which those who are for any 
reason dissatisfied with it seek employment elsewhere. 
The net effect of these changes, however, involving as 
they do but a small part of the total number of em- 
ployees, widely scattered, and resulting from a process 
necessarily slow in its development and carried on by a 
small number of practitioners, is exceedingly slight; and 
it cannot be said that scientific management has as yet, 
no matter what its future influence may be, affected the 
problem of unemployment. 

The American Federation of Labor, however, has 
devoted a considerable share of its attention to what it 
considers the dangers of scientific management. The 
agitation against it seems to have originated in the 
International Association of Machinists. In 1911, Mr. 
James O'Connell, at that time president of the Associa- 
tion and now a member of the National Industrial 
Relations Commission, issued a fiery circular to his 
constituents condemning wholesale his conception of 
the Taylor system. The strike of the molders at the 
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Watertown Arsenal in 1911 drew the attention of other 
labor leaders to the system, and Mr. Frey of the Inter- 
national Association of Molders and Mr. Duncan, first 
vice-president of the American Federation of Labor, 
Mr. John Mitchell, and many other officials, have since 
taken up the cudgels vigorously. Their opposition is 
aimed primarily at the possible weakening of the co- 
hesion of organized labor under scientific management 
based on known facts; and particularly against the 
insistance on individual bargaining, which has marked 
the practice of Mr. Taylor and his associates. 

At the Seattle Convention of the Federation in 19131 
and the Philadelphia Convention in 1914,2 resolutions 
condemning the system were adopted. At the same 
time a determined effort has been made to introduce and 

pass through Congress a bill to prohibit the use of the 

stop-watch or any premium or bonus system in any 
plant operated by the government, aimed of course at 
the Taylor system as developed in the arsenals. 

The resolutions and speeches of labor leaders and their 

congressional advocates have thus far been marked by 
a conspicuous lack of information in regard to the 

system they are condemning; and scientific manage- 
ment exponents and managers of plants using the 

system have observed a great reluctance on the part of 
these leaders to avail themselves of the opportunities 
frequently offered them to secure at first hand the 
information for intelligent dealing with the subject. 
The exhaustive investigation of the House Committee 
on Labor of the 62d Congress resulted in a report 
recommending that no legislation3 be made, as the 

1 See Report of Proceedings of the Thirty-Third Annual Convention of the Ameri- 
can Federation of Labor, held at Seattle, Washington, November 10 to 22, inclusive, 
1913, page 299. 

2 See Report of Proceedings, p. 326. 
3 Report of Special Committee to Investigate the Taylor and Other Systems of 

Shop Management (62d Congress, 2d Session, House Report 403, 1912). 
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deleterious effects alleged by the opponents of the sys- 
tem had not been found in practice. The House 
Committee on Labor of the 63d Congress, without an 
investigation, reported a bill proposed by the labor 
unions; but this bill has not come to a vote. 

Thus far Mr. Taylor and most of the other practi- 
tioners of scientific management, while recognizing the 
historical benefit of labor organizations, have insisted 
that there is no need for them in plants enjoying the 
favorable conditions for labor created by their system, 
and further that in such plants there is no place for col- 
lective agreements, inasmuch as in their opinion all the 
matters which might be made the subject of collective 
bargaining are matters of fact determinable by experi- 
ment and not subject to agreement or opinion. They 
insist further that in their experience there has been no 
necessity for considering particularly relations with 
labor unions and that such consideration would only 
add to the already large difficulties of their work. 

In spite of the fact that many of the plants now using 
scientific management have among their employees 
members of unions, and notwithstanding the public 
opposition of labor leaders, the only instance of actual 
organized opposition to the original Taylor system was 
that at Watertown already referred to, where the 
molders walked out during the absence of the consulting 
manager and on account of a detail of the work begun 
without his authorization. This difficulty was soon 
adjusted, the men went back to work and have been 
working continuously since, altho in the meantime the 
matter has been taken up by their official leaders and 
made the subject of petitions to the Secretary of War 2 

1 See Hearings before the Committee on Labor, House Report, 63d Congress, on 
House Report 8662, April 17, 18, and 20, 1914. 

2 See Appendix to Report of Chief of Ordnance, 1913. Government Printing Office, 
Washington. 
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and the agitation in Congress already described. There 
have been a few instances of " labor troubles " in con- 
nection with the installation of certain derived forms of 
the Taylor system, due in general either to the bungling 
of a subordinate on the job, as in the case of a plush 
mill, or to the irreconcilable attitude of the union 
leaders, as in the case of the engineers on the Sante Fe. 
In other plants there have been conferences in a few 
instances between the management and representatives 
of local unions concerning details of administration, and 
arrangements satisfactory to both sides have been 
effected. In a few cases the extension of scientific 
management from unorganized parts of the plant to 
other departments highly organized has been delayed 
on account of the fear of labor union opposition. In 
several instances efforts of organizers to unionize 
departments using the system have failed on account of 
the satisfaction of the employees with the conditions of 
their work. In one plant where scientific management 
was fully developed and in complete operation, the 
management, for reasons unconnected with the system 
or with working conditions, has itself authorized and 
aided the organization of its employees. In the great 
majority of applications, however, there is no attention 
paid to the question whether the employees are union- 
ized or not; and local unions conversely have ignored 
the development of the system. 

That the general satisfaction of the employees under 
scientific management has had a stabilizing influence in 
the direction of industrial peace has been illustrated in a 
number of instances like that already cited of the gen- 
eral strike in Philadelphia in 1910. In other plants, 
during the I. W. W. agitation in 1911-12, the employees 
kept themselves well outside the drift toward that 
organization. It is evident on the whole that the reali- 
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zation by the employees of the fact that scientific 
management automatically provides, at no cost to 
them, higher wages and better working conditions than 
can be shown by labor organization, has weakened the 
hold of the latter upon them. When to this is added 
the instinctive defense of the principles of collective 
bargaining, restriction of output, and uniform wages, by 
the labor leaders and the reaction to a fighting attitude 
on the part of some leaders in scientific management, we 
have the chief factors to which must ultimately be laid 
the persistent opposition of the labor officials. 

V. FAILURES AND THEIR CAUSES 

It is well known that the efforts to apply scientific 
management have not met with uniform success. The 
results have ranged all the way from absolute failure, 
by which is meant the complete cessation of work on the 
system at any point in its development and the rejection 
of what had been already accomplished, to complete 
success, by which is meant the development and reten- 
tion of all details of the system in their application to at 
least one complete department of a plant. Between 
these two extremes are many cases of partial success, 
by which is meant the development and retention of 
some important detail such as the stores, routing or 
cost sub-systems. Of the 107 industrial plants for 
which information on this point is available and in 
which the work has progressed far enough to warrant 
formation of a judgment, 58 may be called complete 
successes, 15 partial successes, and 34 failures; 29 of 
these 34 failures are connected with the derived forms, 
constituting 38.6 per cent of the applications of such 
forms, while 5 are connected with the original Taylor 
forms, constituting 9.4 per cent of their applications. 
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Of the 17 cases now to my knowledge in process, there 
is good reason to suppose that 15 will be partial or com- 
plete successes and 2 probably failures. 

An analysis of the causes of failure shows a noticeable 
concentration about two factors- the personality of 
the consulting engineers and the personality of the 
management. Several failures are due to the inex- 
perience and incompetence of the so-called " experts " 
put on the job; others to their lack of adaptability to 
new conditions or to the personality of the owners; and 
still others to an unwillingness on the part of the expert 
to familiarize himself personally with the shop opera- 
tions. In at least two cases the experts spoiled their 
chances of success by indulgence in impractical and 
expensive experiments. In one instance the wholesale 
importation of outside men (made necessary, it is true, 
by the unwillingness of the management to provide men 
from its own staff) was a large contributing factor. 

On the other hand, even more cases of failure are due 
to the management itself. Chief among these has been 
the spasmodic way in which owners, without due inves- 
tigation or realization of what the development of 
scientific management meant, have rushed into it only 
to begin to vacillate before the engineers had had time to 
produce any substantial results. This has been the 
case particularly where the owners have gone into 
scientific management in response to advertising or 
other forms of solicitation. In a considerable propor- 
tion of the failures there has been marked dissension in 
the management, notably in certain instances where the 
foremen have for a long time enjoyed practical control 
of the business. This condition is fostered also by 
absentee control, or control by financiers or lawyers 
unacquainted with the practice of industrial manage- 
ment and therefore unable to adjust the inevitable 
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difficulties which arise between subordinate officials 
and experts in almost every case. There must be 
mentioned also a few cases where the sheer incompe- 
tency of the management made success under any 
system impossible. 

In a fairly large proportion of instances failure was 
due to the financial inability of the owners to carry 
through the development they had begun. Occasion- 
ally this has been due to lack of foresight, but in the 
majority of cases to the supervening of a period of 
severe business depression such as occurred in 1907 and 
in 1913-14. In one or two instances this has been 
complicated by the cessation of sales for the product 
manufactured, due either to a change of public taste, as 
in the case of a factory making bicycle roller bearings, 
or the failure of the selling organization, as happened in 
a garment factory. In but one instance to my knowl- 
edge has the threat of labor difficulties been even 
partially responsible for failure, and here the situation 
was so complicated with financial troubles (in 1907) and 
an unsympathetic management that it is difficult now 
to determine precisely what weight should be given to 
this factor. 

As may be expected, these causes of failure have in 
practically every case operated in combinations of 
two or three or more. The striking fact deducible 
from the investigation is that, with one possible excep- 
tion, the failures have been due entirely to the experts 
or the managers and owners or both, and never to diffi- 
cultywith workmen-and this independently of whether 
the workers were organized or not. 
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VI. GENERAL INFLUENCE OF THE MOVEMENT 

A discussion of scientific management would not be 
complete without some reference to the influence of the 
movement outside of its recognized application. It is 
safe to say that scientific management shares with the 
modern movement of cost statistics the credit for the 
wide-spread interest in the improvement of methods 
and details in factories of every type. Cost sys- 
tems are easier to develop and apply than production 
systems. They have, therefore, had many more ex- 
ponents and are far more generally found. Their 
showings, however, have had the direct result of 
pointing out the necessity for production systems to 
eliminate waste made evident by cost statistics; and 
the two movements have, therefore, gone hand in hand, 
altho " production engineering" just now is belatedly 
coming into its own. A brief perusal of the many fac- 
tory and technological magazines and journals, and of 
the proceedings of the numerous meetings of manufac- 
turers' associations, gives the clearest evidence of the 
large share of attention factory managers and owners 
are now giving to modern production systems. 

It is also to be noted that since the attention of rail- 
roads was so forcibly called at the famous Eastern Rate 
Case hearings in 1911 to the work on the Santa Fe, 
they have been considering with a great deal of serious- 
ness, tho with little or reluctant acknowledgment, the 
kind of detailed analysis, supervision, and development 
from a new point of view which was then shown 
to be possible and profitable. This tendency will 
doubtless gain in momentum as the railroads recover 
from the strain of public criticism brought out at that 
time. It will be aided also by the development of 
more refined and minute cost methods which are 
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only just beginning to make themselves felt. That 
the systems ultimately developed by the railroads will 
be similar in appearance to those now found in factories 
operated under scientific management it would be rash 
to assert. But it is safe to say that the application of 
similar principles to their particular problems is being 
made to some extent and will be carried to far greater 
lengths in the reasonably near future. 

Certain of the fundamental principles of scientific 
management, such as the economy of motion, energy, 
and time, and the detailed control and co6rdination of 
the work of organization, have made an effective and 
practical appeal to the professions. This is evidenced 
by the movements for greater efficiency in education, 
legal administration, and even in the conduct of social 
service, churches, and religious organizations. 

And, finally, must be noted the radical change which 
the wide-spread publicity given the scientific manage- 
ment movement has brought over the popular concep- 
tion of efficiency. Heretofore the policy of doing one's 
every-day work in the most perfect way has been con- 
sidered a matter of aesthetic satisfaction, an artistic 
pleasure, and therefore to be pursued only in accord- 
ance with the dictates of one's " temperament." Now, 
however, the conservation of personal effort is inter- 
preted as an important phase of the broader movement 
for the conservation of all resources. It is considered 
economically advantageous, and, therefore, a personal 
and social duty. The general acceptance of this 
attitude will prove, in the long run, I think, the greatest 
social benefit that will have flowed from the work of 
Mr. Taylor and his associates. 

C. BERTRAND THOMPSON. 

SCHOOL OF BUSINESS ADMINISTRATION, 
HARVARD UNIVERSITY. 
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